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Abstract

We compare children’s growth trajectories in height in China and the Philippines, two countries
with very different histories of son preference, using longitudinal survey data from the China
Health and Nutrition Survey and the Cebu Longitudinal Health and Nutrition Survey. Our
individual growth models show that boys’ advantage in growth in height over girls is greater in
China, where the level of son preference is higher, than that in the Philippines, where level of son
preference is low. Our research bridges a gap in the current literatures of demography and social
stratification and completes the emerging life course picture of how gender inequality is being

reproduced from life stage to life stage, and from generation to generation.



INTRODUCTION

Son preference, which is still prevalent in many parts of the world, has a serious impact on the on
the health and wellbeing of girls and women. China is one of the societies with a strong historical
tradition of son preference (Lee and Feng 1999); despite the drastic social changes brought about
first by the Communist Revolution in 1949 and then by the Economic Reform in 1979, that
tradition survives in many parts of the country and still influences family decision-making. Past
research suggests that female infanticide, gender selective abortion, and gender selective birth
misreporting are prevalent in some parts of China, especially in rural areas (Ren 1995), and these
factors are largely responsible for the increasingly unbalanced sex ratio at birth. Filipino parents,
on the other hand, appear to value boys and girls much more equally than many Chinese families
do, and more typical sex ratios at birth reflect this difference (Bautista 1988; Mason 1987). Many
investigators have identified traditional family structures as a root cause of societal differences in
son preference. The traditional bilineal family structure in the Philippines means that people
expect both sons and daughters to help parents in their old age, while the traditional Chinese
family is patrilineal, and responsibility for elderly parents falls to the sons (De Vos 1985). In
China, interdependencies between persons are generally confined to the stem family, and
residually to the brothers of the same father, while in the Philippines such interdependencies can
extend beyond the nuclear or stem family to neighbors or other kin, making elderly parents less
dependent on children of either sex (De Vos 1985).

However, son preference is more than just cultural inertia; it has deep roots in the
socioeconomic and institutional structure of a society, and it changes with the institutional
environment. There has been considerable attention to the nature of son preference in China and

the way it has been shaped by social and economic changes over the past several decades. Son



preference dates back to the origins of ancestral worship thousands of years ago, supported by
the imperial state and the Confucian ideology (Lee and Wang 1999). The first 30 years of the
People’s Republic of China witnessed a steady decline of son preference, largely due to the
government’s continuous effort to promote gender equality. The command economy and
authoritative political system together ensured that state policies, including those designed to
promote gender equality, could be implemented with few compromises (Banister 2004). The
economic reform and decollectivization since the late 1970s have on the one hand increased the
value of children’s labor, especially male children, and restored the central role of male
household heads in allocating resources (Li 2004); on the other hand, they weakened the state’s
capability to interfere people’s domestic lives (Davis and Harrell 1993). Furthermore, the family
planning policies implemented since the 1970s have, if anything, intensified gender
discrimination at birth, as parents attempt to bear a son within a smaller target family size (Chu
2001; Li, Feldman and Li 2000). Even after birth girls receive poorer treatment in some Chinese
settings.

By contrast, according to Bautista (1988) the Philippines has long been characterized by
more egalitarian treatment of boy and girl children. For example, in the rural Philippines land has
been given preferentially to sons because of the domination of male labor in rice farming, while
parents have invested more in the schooling of their daughters because returns to female
schooling have risen in the non-agricultural sector (Quisumbing 1994). One analysis shows that
this differential pattern of investment in sons and daughters leads to similar annual incomes and
life-cycle incomes (Estudillo, Quisumbing and Otsuka 2001).

How does son preference influence children’s health and wellbeing? More specifically,

how does son preference generate gender inequality in children’s health and wellbeing? In the



most extreme cases, parents resort to sex-selective abortion or sex-selective infanticide to
eliminate “unwanted” children, usually girls (Banister 2004; Hudson and Boer 2004). Such
behaviors are motivated largely by economic factors: for example, the dowry girls must take to
their marital family is too high, a family already has too many children to feed, or they desired a
son but had a daughter instead. Other factors may also play roles by interacting with economic
reasons. The One-Child policy in China, for example, imposes a heavy fine, along with other
forms of punishment, on those who violate the regulations®. For families who desire sonse but
have several daughters, the incentive to resort to sex-selective abortion or female infanticide
increases as parity rises. The One-Child policy did not create the problem of sex-selective
abortion or female infanticide, but it exacerbated the situation by significantly lowering the
threshold (Banister 2004). The impacts of son preference on children’s health and wellbeing also
take less extreme forms. For example, Graham et al. (1998) report that girls were breastfed for
significantly shorter periods than boys, especially among higher-parity girls; Short et al. (2001)
report that girls receive less care from parents than boys. The impact of the extreme forms of son
preference (sex-selective abortion and infanticide) on children’s health and wellbeing has been
well documented. Much less is known about the impact of the less extreme forms of son
preference, such as neglect or unequal allocation of resources to girl children, which are
presumably more prevalent (because they are less controversial and are less risky), thus may

impact more children.

! The policy varies from place to place, from one child per couple, to one and a half children per
couple. For ethnic minority groups, the policy allows two children per couple (Short and Zhai

1998).



The impacts of both extreme and less extreme forms of son preference are difficult to
measure, albeit for different reasons. Sex-selective abortion and infanticide are highly sensitive
issues and illegal in most modern societies. Admitting such acts is likely to have serious
repercussions including demoralization, and even criminal charges. In this case, even though it is
clear what one wants to measure, it is challenging to obtain honest answers and the whole story
from individuals in a survey setting (Merli and Raftery 2000). As for the less extreme form of
son preference, the problem changes from “how to measure” to “what to measure?” There are
three things that worth noting. First of all, unlike the unambiguous life and death outcome in the
case of sex-selective abortion or infanticide, less extreme forms of son preference appear and
work in disctinct ways. For example, some parents breastfed boys longer than girls (Graham et
al. 1998), others spent more time caring for boys than for girls (Short et al. 2001), some parents
gave boys better food than girls, others have girls rather than boys help with household work at a
young age. Despite their differences, these behaviors all have influences on the health and
wellbeing of the boys and girls involved. What is needed is an indicator that can capture the
influences of all these drastically different forms of gender discriminatory behaviors.

The second difference between extreme demonstrations of son preferences such as sex-
selective abortion or infanticide and less extreme actions reflecting son preference is that less
extreme measures exert their effects in a long-term, gradual, and piecemeal fashion. We need an
indicator that is not overly sensitive to short-term changes, but is able to reflect the underlying
long-term trend. Third, this measure should be able to capture information on vital aspects of
human well-being, including health and nutritional status.

An indicator that meets these three criteria is children’s height. Height is determined by

biological factors as well as socioeconomic factors. While it is true that biological factors play an



important role in determining children’s genetic potential in height; it is also true that whether
each child can fully achieve his/her genetic potential depends on nutrition, exposure to infectious
diseases, and access to medical facilities (Alter 2004; Eveleth and Tanner 1990). Height deficits
reflect cumulative exposure to poor nutrition and infectious diseases, such as diarrhea (Martorell
and Habicht 1986; Pelletier 1998; Waterlow et al. 1977). If parents treat their male and female
children differently regarding nutrition and care (especially medical care), regardless of whether
it takes the form of shortened breastfeeding, insufficient parental care, or hard labor at early ages,
the discriminatory treatment will likely be reflected in children’s height. Also, unlike weight,
which is sensitive to short-term fluctuations in nutritional intake and physical activities, height is
resistant to influences of these short-term changes. Focusing on children’s growth in height has
another important advantage. Unlike many measurements used in social scientific research,
children’s height can be measured very accurately. With proper training and careful supervision,
measurement errors can be reduced to a very low level when measuring children’s height,
especially when repeated measurements are taken (Willett 1989). It is important to note, though,
that because of the prevalence of sex-selective abortion and infanticide in China our Chinese data
will automatically exclude those girls would have been most disadvantaged, had they survived
gestation and early life. Thus, our estimates of gender difference in children’s growth in height in
China should be interpreted as a lower bound of the true impact of son preference and gender
inequality on the well-being of girls.

Based on the above discussions, we pursue a comparative analysis of China and the
Philippines to assess the impact of son preference on children’s health and wellbeing, as
measured in growth in height. By doing this, we implicitly assume that level of son preference

can be approximated at the country level (China versus the Philippines). Using national



membership to serve as a proxy measure for some belief or behavior that is difficult to capture in
survey data is a common practice in international comparative research. Given our prior
knowledge of the two societies, we feel that it is reasonable to use Chinese and the Filipino
families to represent environments reflecting relatively high and low son preference
environments. We will answer the following research questions:
1. Are there gender differences in children’s growth trajectories in both China and in
the Philippines?
2. Are there differences in children’s growth trajectories between China and the
Philippines?
3. Do gender differences in children’s growth trajectories differ between China and
the Philippines? To be more specific, do Chinese boys have an advantage over
Chinese girls in growth in height that is greater than Filipino boys’ advantage
over Filipino girls?
4. Do answers to the above questions depend on other factors, such as an urban-rural
distinction?

Among the four research questions, questions 1 and 2 are exploratory in nature, in the
sense that knowing their answers will help us better understand the underlying biological and
socioeconomic processes that influence children’s growth in height, but they are only peripheral
to our central theoretical aim, and we do not have clear-cut research hypotheses for them. In fact,
only question 3 speaks directly to our central theoretical aim, asking whether a higher level of
son preference generates a higher level of gender inequality in children’s health and wellbeing.

An answer to question 4 can help us assess the robustness of our answer to question 3. We need



to make sure that our statistical results reveal the underlying social processes, as opposed to a

statistical artifact caused by insufficient control for relevant factors.

DATA AND METHODS

Data

In order to compare patterns of children’s growth in height between China and the Philippines,
we use data from two longitudinal surveys: the China Health and Nutrition Survey and the Cebu
Longitudinal Health and Nutrition Survey. The China Health and Nutrition Survey (CHNS) was
conducted by the Carolina Population Center at the University of North Carolina at Chapel Hill,
the National Institute of Nutrition and Food Safety, and the Chinese Center for Disease Control
and Prevention. The CHNS is a panel survey with a multistage clustered sample of 3,800
households in nine Chinese provinces, yielding a total of 16,000 selected individuals. Five waves
of CHNS data are publicly available, collected in 1989, 1991, 1993, 1997, and 2000%. The CHNS
includes a household survey, a community survey, a food market survey, and a health and family
planning facility survey. Its household survey contains detailed physical examination
information for both adults and children, which makes it ideal for the purposes of the current
research.

The Cebu Longitudinal Health and Nutrition Survey (CLHNS) was conducted by the
Carolina Population Center at the University of North Carolina at Chapel Hill, the Nutrition

Center of the Philippines, the Office of Population Studies at the University of San Carlos, and

2 All five waves of data can be accessed at the CHNS project web site at:

http://www.cpc.unc.edu/projects/china.



the Nutrition Center of the Philippines. A baseline survey (1983-1986) was conducted among
3,327 women during the 6th to 7th month of pregnancy living in 33 randomly selected
communities from the Metropolitan Cebu area so that all impending births could be identified.
Subsequent surveys took place immediately after birth, then at bimonthly intervals for 24
months; the baseline sample included 3,080 non-twin live births. Three follow-up surveys were
conducted; in 1991-1992 (mean age 8 years, 74% of original sample), 1994-1995 (mean age 11.5
years, 71% of original sample), and 1998 (mean age 15.5 years, 68% of original sample). The
CLHNS collected individual, household, and community information.

The CHNS project has released several longitudinal data sets by linking the five waves of
public use data sets, including a longitudinal data set for anthropomorphic measurements. The
CLHNS does not release data in such a longitudinal format; instead, we have linked the 15 data
waves together by community and individual women’s identification numbers. For the purposes
of this analysis we have pooled the two data sets together to create a master longitudinal data set,
and generated a binary variable that equals one if a case belongs to the Chinese sample and zero
if it belongs to the Filipino sample.

Figure 1 and Figure 2 show scatter plots of the measurement of height against age, for
the CLHNS and the CHNS respectively. Note that both figures plot height by age without further
differentiating by wave. One can easily jump to the conclusion that Figure 1 and Figure 2 look
different, that Figure 1 is constituted by several disjointed clusters of dots while Figure 2 is
constituted by one cluster and several outliers. But this difference is superficial, mainly an
artifact of difference in research design between the CLHNS and the CHNS. The underlying

patterns, roughly linear relationships between height and age, are very similar.
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Variables

To maintain maximum comparability between the two different data sets, we extract and
utilize a small number of variables in our analysis. The dependent variable is the physical
measurement of the selected child’s height (in centimeters).® We use the raw height
measurement in our analysis instead of the widely used standardized Z score for reasons we will
explain in detail in the next sections. The selected child’s sex and age are the two central
covariates. Age is a time-varying covariate that changes from wave to wave. In both the CHNS
and the CLHNS, a child’s exact age is computed by subtracting his/her date of birth from the
date of measurement in each data collection wave. Sex is a time-constant dichotomous variable
with male equals one and female equals zero, measured at baseline. We report wave-specific
summary statistics of selected variables of CLHNS and the CHNS in Table 1 and Table 2.

The only control variable we include is a dichotomous variable indicating whether the
community is classified as urban or rural. This variable is important for our analysis for several
reasons. First of all, the urban-rural division is an important dimension of the stratification
system in most developing countries, especially in China where an internal passport system
(hukou system) designed to prevent rural-to-urban migration is in place (Wu and Treiman 2004).

Urban residents work in non-agricultural jobs with relatively higher incomes, have access to

¥ Among CLHNS respondents, from birth through age two years height was measured as
recumbent length (in millimeters) using a custom-designed length measuring board. During
follow-up surveys standing height was measured using a portable stadiometer by trained project
personnel in the child’s home (Eckhardt, Gordon-Larsen and Adair 2005). Among the CHNS
respondents, height was measured without shoes to the nearest tenth of a centimeter with a

portable stadiometer (Popkin et al. 1995).
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better food, schooling, and health facilities (Braveman and Tarimo 2002; Liu, Hsiao and
Eggleston 1999; Popkin, Lu and Zhai 2002). As a result, the urban-rural division itself has
important impacts on children’s growth in height (Burgard 2002; Jin 2000; Reyes, Tan and
Malina 2003). Second, a comparison of Table 1 and Table 2 reveals that while the Filipino
sample is predominantly urban (more than 70% urban respondents), the Chinese sample is
predominantly rural (more than 70% rural respondents). Since urban/rural place of residence is
an important determinant of children’s physical growth, it is important to ensure that our
conclusions about patterns of growth in China and the Philippines are not confounded by the

differences in population composition between these two samples.

Methodology

Individual growth modeling (IGM) is the natural analytical tool of choice for our research
purposes. IGM is a form of multilevel analysis (Raudenbush 2001a; Singer and Willett 2003;

Willett 1997). Let Y, be the measurement of height of child iat time t, where t >3*. This

child’s growth trajectory in height can be modeled as a simple linear regression:

Y,

i = oy + 7 AGE, + 1, 1)
where 7, is the regression intercept that represents the initial height of child iat age zero; 7, is

the regression slope that represents the growth rate of child i over the period of data collection;

they together determine the growth trajectory of height for that child.

* Since we are estimating an OLS regression for each individual, three measurement points per
person is the minimum requirement. However, individual growth model can handle the situation
where some respondents have less than three measurement points. In this case, they will still be

used in estimating the fixed effects but will be excluded in estimating the random effects.
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Equation (1) states that child’s growth in height is a linear function of age. By adding
quadratic or other higher order terms of age, a more flexible growth curve can be approximated.
The choice between alternative specifications of growth curves is an empirical one, in which a
balance has to be reached between accuracy and parsimony. Equation (1) is a within-individual
level equation that allows each child to have a distinct growth trajectory (the combination of the
regression intercept and slope). Between-individual variation in growth trajectories can be
modeled as:

i = Poo + Mo, (2)

7ty = P + 1y 3)
where f,, represents the population average initial status, f,, represents the population average
growth rate; x,and g are child-level (between-individual) error components that follow a

multivariate normal distribution with variances z,,and z,, and covariance z,,. Covariates can be

added into Equation (2) and (3) to test complex hypotheses that involve both within-level and
cross-level interactions. Our core hypothesis, that gender inequality in children’s growth in
height is greater in China than in the Philippines, can be tested with the following equations:

7o = Poo + B BOY, + B,CHINA+ £5,,BOY <CHINA + 14, 4)
7, = Py + B,BOY; + B,CHINA+ £,,BOY «CHINA+ 1, (5)

Equations (1), (4), and (5) constitute the backbone of the statistical analysis utilized in the
present research. Both MALE and CHINA are dichotomous variables, indicating respondents’ sex
and country. All parameters in (4) and (5), both fixed and random parameters, are important

because they reveal some aspects of the growth process: f,, represents Filipino girls’ birth

length; £, represents the difference between Filipino boys’ and girls’ birth length; £, represents
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the difference between Filipino girls and Chinese girls’ birth length; and £, represents a

“difference in difference”, that is, the difference in the gender difference in birth length between

the Chinese and Filipino children. Similarly, S,,represents the growth rate in height of Filipino
girls; p,, represents the difference in the growth rate between Filipino boys and girls;
B, represents the difference in the growth rate between Filipino and Chinese girls; and

s represents the difference in the gender difference in growth rate between Chinese and

Filipino children. Researchers from different disciplines may be interested in different
coefficients from this model. As social scientists, our central theoretical interest focuses

primarily on one coefficient, the “difference in difference” coefficient for the growth rate 3,

which represents added male advantage in growth that we hypothesize is due to stronger son

preference in China. We hypothesize that f,,is significantly greater than zero.

There are several pertinent issues that arise in estimating these multilevel individual
growth models. In contrast to some previous studies, we use raw height measurements instead of
the standardized Z score. The Z score must be used when working with cross-sectional data. This
is because cross-sectional data do not contain enough growth information to allow conclusions
about the pattern and process of growth without borrowing information from outside the data
being used. In the case of Z scores, information is borrowed from growth charts that describe
age- and sex-specific patterning of growth among a population’s children. A Z score represents a
given child’s deviation from the average height of a child of the same age and sex. With
longitudinal data and growth modeling methodology, however, utilizing a standardized Z score is
not only unnecessary, but problematic. One of the fundamental requirements of growth modeling

is that the measurement must be equitable from occasion to occasion (Willett 1997); for this
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reason, standardizing raw measurements to a gender- and age-specific standard score jeopardizes
the cross-wave compatibility. The reason is simple: the mean and standard deviation of height is
age-specific. In other words, even in the “reference” population from which the standardized
score is drawn, both the mean and standard deviation of height vary from age to age. Unless the
standardization is based on a single age group for each sex (which makes no sense because it is
then no longer “sex- and age-specific”), the calculation of the standardized Z score is based on
different means and standard deviations in different age groups, and the resulting Z score no
longer retains cross-wave comparability.

Centering is also an important issues in multilevel analysis (Kreft, de Leeuw and Aiken
1995). We choose not to center AGE, our only level-1 covariate, mainly because age zero is a
meaningful starting point in our analysis. The distinction between initial height status and growth
rate is of direct theoretical relevance to our purposes. It is safe to assume that any gender
difference in birth height (the initial status) is mainly attributable to biological and genetic
reasons, given that the ultrasound technology that can be used to find out a fetus’ sex was not
widely available in China or the Philippines until the end of the 1980s (Chu 2001). Once the
baby is born, non-biological and non-genetic factors influencing growth begin to take effect:
parents with a strong son preference pay much more attention to the needs of baby boys then
baby girls, while parents with weak or no son preference pay relatively equal attention to a child
regardless of sex. It is at this stage (after the baby is born) that we expect to see a significant
difference between China and the Philippines, two countries with different cultural traditions
regarding parents’ preferences for sons and daughters.

Individual growth models based on multilevel methodology are very flexible in handling

complicated data structures including an unequal number of time series data points across

15



individuals and variable spacing of time points across individuals (Hox 2002; Raudenbush
2001b; Singer and Willett 2003). This is one of the major reasons that we chose these models
over alternatives. Like many other longitudinal data sources, both the CHNS and the CLHNS
suffer from panel attrition. In fact, only 58% of the Filipino children in the CLHNS have all 16
observations, and only 27% of the Chinese children in the CHNS have all 5 observations. Unlike
alternative statistical methodologies (MANOVA, for example) that simply exclude respondents
without complete observations, individual growth models utilize all available observations in
coefficient estimation. This not only increases efficiency and reliability of parameter estimates,
but also avoids potential biases caused by nonrandom sample selection. Individually varying
time points of observation is another characteristic of the CHNS. Some children enter the study
after birth, while others enter at much older age. In theory, each child may have a unique
observational schedule. Individually varying time points of observation is less of a problem in
the CLHNS, at least for the first 13 data waves. But the fact that the first 13 data waves cluster
within the first two years while the last three data waves spread over the remaining 15 years
poses another interesting challenge. Fortunately, by including age as a level-1 covariate,

multilevel individual growth models can accommodate both situations.

ANALYSIS

We begin our analysis by summarizing gender- and age-specific heights separately for Chinese
and Filipino children. We then examine the empirical growth pattern in height, which helps us

assess the adequacy of simple linear regression in fitting individual-level growth trajectory. As
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the final step, we combine the Chinese and Filipino samples and estimate a series of linear

individual growth models®.

Describing Gender Difference in Children’s Growth in Height

Table 3 reports gender- and age-specific summary statistics of children’s height using the
Filipino CLHNS sample. There are several things worth noting; first, the summary statistics are
based on age instead of wave; here it is possible that more than one data wave was used in
calculating summary statistics of height for an age group. Second, even though the CLHNS has a
total of 16 data waves, 13 of them are concentrated within the first two years of life (at
bimonthly intervals), while there are only three waves during the final 15 years (this can be
clearly seen in Figure 1). This has two implications: on the one hand, the summary statistics for
the first two years of age are very accurate and reliable, due to the large number of cases
encapsulated in these age categories; on the other hand, the rest of the age categories are
relatively sparse, many of them are even empty. Also, boys and girls were interviewed separately
in the last wave. Girls were interviewed during 1998 and 1999, while boys were interviewed
during 1999 and 2000. This is reflected in Table 3: there are 64 girls at age 16 and zero at age 17,
while there are only 43 boys at age 15 and zero at age 14. This peculiar data structure does not
pose special difficulties for the multivariate analysis since multilevel individual growth modeling
is very flexible in handling complicated data structures (Raudenbush 2001b; Singer and Willett

2003), but it makes the descriptive analysis challenging.

> We combine the Chinese and the Filipino data sets and conduct one model instead of two
separate models for each of the countries mainly because we want to explicitly test statistical

significance of the interaction terms that involve CHINA, our dichotomous country indicator.
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Table 4 reports similar gender- and age-specific summary statistics using the Chinese
CHNS sample. The distribution of observations among different age groups is much more even
than that in the CLHNS (compare Figure 1 and Figure 2). In this sample, it is even more likely
that observations from multiple data waves are used in calculating summary statistics for one age
group.

Since our goal is to compare gender difference in height, we calculated the difference in
mean gender difference in height for the Filipino sample in Table 3 and for the Chinese sample
in Table 4. We then plot the two age-specific differences in height against age in Figure 3. Note
that in order to ease the inspection, both lines in the figure have been smoothed using locally
weighted regression (lowess) (Cleveland 1979). This figure suggests several things; first of all,
the gender difference in children’s height is always higher in China than in the Philippines.
Second, the Filipino summary is much less stable than the Chinese. After adjusting bandwidth of
the lowess smoother to 2, the Chinese line has become very smooth but the Filipino line remains
more erratic. Third, Chinese boys are always taller than Chinese girls, while Filipino boys are

shorter than Filipino girls at certain ages, from about age eight to 13.

Describing the Empirical Growth Trajectory

Although the linear growth model is most widely used in empirical research, it has to be
emphasized that linearity is a rather strong assumption that may or may not be realistic in certain
research situations. Before estimating a linear growth model, one need to make sure that the
individual growth trajectory can be described as linear without deviating too far from the data.
Figure 4 shows empirical growth trajectories of four Filipino children as well as predicted
values from simple linear regressions. It reveals four typical situations seen in the data. Dots

represent observed height values while lines represent fitted linear regression. The upper left
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panel (ID=10044) represents those children who were measured in the first two years (the 12
bimonthly surveys) after birth but dropped out of the three follow-up surveys. The lower left
panel (ID=10069) represents those children who were not measured in the first two years but
were included in the three follow-up surveys. The lower right panel (ID=20117) represents those
children who were measured in both the twelve bimonthly surveys and the three follow-up
surveys. The upper right panel (ID=10069) is one of the children with complete data from the
three follow-up interviews but only some (but not all) measurements from the twelve bimonthly
interviews. In all four cases, a within-person linear regression model does provide reasonable fit
to the growth data, although the fit is better in some cases (ID=10069, 20046) than in others
(1D=10044, 20117)°. The CHNS data has a simpler structure, and Figure 5 shows four
representative Chinese respondents. Although the number of observation varies from respondent
to respondent for various reasons, an approximately linear growth trajectory fits well in all four

cases.

Results from Multilevel Individual Growth Models

We follow the model-building strategy suggested by Singer and Willett (2003) by beginning
with an unconditional means model, and gradually build the model. We report five individual
growth models in Table 5. Model 1 is an unconditional means model with only one fixed effect
(the grand mean) and two random effects (variances for the level-1 residual and level-2

intercept). This model can serve the purpose of partitioning the outcome variation. Several

® We inspected empirical growth trajectories of a large number of children in both the CLHNS
and the CHNS. Except for a few outliers, our conclusion about the applicability of linear growth

trajectory holds in both samples.
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important conclusions can be drawn from this simple model. First of all, the two significant
random components reveal that average children’s height varies over time (within individual)
and differs across individuals. The logical next step is to include both level-1 and level-2
covariates into the model and predict that some of the within- and between-individual variation
are explained. The unconditional means Model 1 can also be used to calculate the intraclass
correlation coefficient, which describes the proportion of the total outcome variation that lies
between individuals. In our case, the intraclass correlation is calculated as .42
(19.47/(19.47+26.64)). The fixed effect estimated in this model is not very interesting, because it
constrains every individual’s growth trajectory to be a flat line.

Model 2, the unconditional growth model, adds one more fixed effect parameter and two
more random effect parameters to Model 1. By adding AGE (intercept for the rate of change)
into the model, Model 2 has been extended into a real growth model where the individual’s
growth trajectory is determined by an initial status as well as a growth rate. The new parameters
significantly change parameter estimation compared to Model 1. The intercept for initial status
declines from 95.4 to 64.9, the level-1 residual declines from 26.4 to 5.5, and the level-2 variance
for the intercept declines from 19.5 to 4.9, though all of these terms are still statistically
significant at the level of p<.05. According to the AIC and BIC, Model 2 fits the data
considerably better than Model 1. The correlation of .49 (level 2 covariance) between the two
level-2 variance components shows that babies who are “taller” at birth grow faster than babies
with shorter birth height.

Model 3 further extends Model 2 by adding four more fixed effect parameters: MALE and
CHINA into both the initial status equation and the growth rate equation. Comparing parameter

estimates in Models 2 and 3 shows that adding new fixed parameters does not significantly
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change point estimates of existing covariates, but they do improve the model fit, as revealed by
AIC and BIC. Model 3 can be used to answer our research questions 1 and 2: in both China and
the Philippines, newborn boys are on average 1.43 cm longer than newborn girls, but they grow
slight slower (-.08 cm per year); for both boys and girls, those who were born in China are 9.20
cm longer than those who were born in the Philippines, but they grow slightly slower (.13 cm per
year). Controlling for the included covariates, babies with longer birth length are likely to grow
faster than those with shorter birth length, as indicated by the correlation between the two level-2
variance components (.72).

Model 4 adds two more fixed effect parameters to Model 3: the interaction between
CHINA and MALE, for both the initial status and the growth rate. This model can be used to
tackle the central research question about whether son preference has significant impact on
gender difference in growth in height. Adding new parameters has little impact on the point
estimates of existing covariates, for both fixed and random effects. For the initial status, Filipino
boys are 1.34 cm longer than girls on average at birth, while Chinese boys are only .98 (1.34-.36)
cm longer than girls at birth. The difference between Chinese and Filipinos in gender difference
in birth length is not statistically significant at the level of .05. For the growth rate, we can see
that Filipino boys grow significantly slower than Filipino girls (-.13 cm per year), while Chinese
boys grow slightly faster than Chinese girls (.15-.13=.02 cm per year), the difference between
Chinese and Filipinos in gender difference in growth rate is statistically significant at the level of
.05. In the Philippines, boys are born longer than girls but grow more slowly. In China, boys are
not only born longer than girls, but also grow faster. This result is consistent with our central
theoretical argument that a higher level of son preference increase the advantages of boys over

girls in health and wellbeing.
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As we mentioned earlier, our Filipino data is primarily an urban sample while our
Chinese data is primarily a rural sample. Without controlling for this difference a competing
explanation of the observed pattern, that the revealed pattern of gender difference in children’s
growth trajectories is is accounted for by urban-rural differences between samples, cannot be
ruled out. To make our conclusion more robust, we estimate Model 4, which is Model 3 with two
more fixed effect parameters for URBAN in the initial status equation and in the rate of change
equation. We find that controlling for the urban-rural differences across the two country samples
has little impact on point estimates of both fixed and random effect parameters. There is no
significant urban-rural difference in children’s birth length; but urban children do grow faster
than rural children. Adding new covariates improves model fit slightly, based on both AIC and

BIC.

Discussion

Son preference is one of the major forms of discrimination in human society that has
important impacts on women’s health and wellbeing. Previous research on this topic focuses
almost exclusively on the linkage between son preference, sex-selective abortion and infanticide,
and imbalanced sex ratios. Much less is known about the detrimental effects of some less
extreme actions influenced by son preference on individual health and wellbeing. There is a gap
in existing literature; on the one hand, we know that son preference make girls worse off in
various ways (Graham et al. 1998; Short et al. 2001), but we do not know what the long-term
consequences of these acts are. On the other hand, we know that height deficits in early
childhood have serious negative implications for school performance and labor market position
in later life (Daniels and Adair 2004; Glewwe, Jacoby and King 2001; Jamison 1986), but we do

not know how relevant this is in explaining the observed gender difference in life achievements.
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Our research offers some evidence to bridge the life course gap between the above-mentioned
two lines of research. By showing that son preference generates gender differentiated growth
trajectories in height, we help to create a more complete life course picture of how gender

inequality is produced and reproduced from life stage to life stage and across generations.
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Figures

Figure 1: Distribution of Filipino Children’s Height by Age
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Figure 2: Distribution of Chinese Children’s Height by Age
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Figure 3: Smoothed Age-Specific Difference in Mean Height between Boys and Girls
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Figure 4: Empirical and Linear Growth Trajectories of Selected Filipino Children
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Figure 5: Empirical and Linear Growth Trajectories of Selected Chinese Children
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Tables

Table 1: Cross-Wave Comparison of Selected Variables in the CLHNS

Height (cm) Age (Year) % Male % Urban
At Birth 49.33 0 53 76
2" Month 56.38 16 53 76
4™ Month 61.11 33 53 75
6" Month 64.34 49 53 75
8" Month 66.86 66 53 75
10" Month 69.01 82 53 75
12" Month 70.81 .99 53 75
14" Month 72.40 1.16 53 75
16" Month 73.81 1.32 53 75
18" Month 75.21 1.49 53 75
20" Month 76.57 1.66 53 75
22" Month 77.81 1.82 53 75
24" Month 79.18 1.99 53 75
1991 Follow-up 117.70 8.49 53 74
1994 Follow-up 133.78 11.52 52 73
1998 Follow-up 154.01 15.50 52 72
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Table 2: Cross-Wave Comparison of Selected Variables in the CHNS

Height (cm) Age % Male % Urban
1989 Wave 89.79 2.71 53 30
1991 Wave 100.55 4.12 53 29
1993 Wave 109.76 5.53 53 29
1997 Wave 125.50 8.16 53 29
2000 Wave 134.76 9.75 53 29
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Table 3: Age-Specific Mean and Standard Deviation of Height, and Number of
Observations from CLHNS, Differentiated by Sex

ES

Age Female Male

Mean S.D. N Mean S.D. N
0 55.16 5.35 4,177 56.16 5.75 4,748
1 68.81 4.29 7,062 70.34 4.33 7,856
2 76.34 3.81 4,200 77.98 3.71 4,642
3 71.67 2.08 3
8 118.07 5.86 231 117.89 5.27 2172
9 117.58 5.59 818 117.68 5.63 900
10 112.20 1
11 133.33 7.33 463 130.50 6.56 518
12 136.83 7.58 o571 133.84 6.95 619
13 140.69 8.27 13 136.89 11.30 11
14 148.83 5.44 117
15 149.02 5.56 791 156.26 7.10 43
16 150.49 5.59 64 158.49 6.74 884
17 159.23 6.65 132
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Table 4: Age-Specific Mean and Standard Deviation of Height, and Number of
Observations from CHNS, Differentiated by Sex

Age Female Male

Mean S.D. N Mean S.D. N
0 72.64 7.68 157 74.93 6.95 177
1 80.64 8.67 373 82.62 8.87 443
2 88.46 7.44 401 90.48 5.62 461
3 96.08 541 446 97.58 7.23 530
4 102.73 6.10 460 103.27 6.37 510
5 108.86 5.82 445 109.68 6.39 539
6 114.31 6.65 427 115.88 6.82 459
7 120.39 7.21 413 121.09 6.83 457
8 125.93 7.21 342 126.37 7.02 408
9 132.20 8.18 323 131.80 8.04 380
10 137.14 8.83 330 136.06 8.23 341
11 143.75 9.90 247 143.06 8.33 303
12 149.66 7.74 231 149.63 9.60 253
13 152.86 6.81 232 154.59 10.43 250
14 155.00 8.30 178 160.74 8.88 199
15 156.77 6.00 78 164.21 6.87 79
16 157.46 6.60 69 168.34 7.35 73
17 160.23 6.20 35 169.01 6.19 40
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Table 5: Linear Growth Model of Children’s Growth in Height in China and the
Philippines

Model 1 Model 2 Model 3 Model 4 Model 5

Fixed Effects

Initial Status
Intercept 95.44 64.86 60.85 60.89 60.82
(.28) (.07) (.08) (.08) (.12)
Male 1.43 1.34 1.34
(.10) (.12) (.12)
China 9.20 9.39 9.44
(.13) (.19) (.20)
Urban .09
(.11)
China x Male -.36 -.34
(.26) (.26)
Rate of Change
Intercept 6.38 6.26 6.29 6.17
(.01) (.01) (.01) (.02)
Male -.08 -13 -.13
(.02) (.02) (.02)
China -.13 =21 -.14
(.02) (.03) (.03)
Urban 17
(.02)
China x Male A5 16
(.04) (.04)
Variance Components
Level-1 Residual 26.64 5.45 5.47 5.47 5.47
(.09) (.02) (.02) (.02) (.02)
Level-2: Intercept 19.47 4.86 2.58 2.58 2.58
(.25) (.09) (.06) (.06) (.06)
Level-2: Age .36 .36 .36 .35
(.01) (.01) (.01) (.01)
Lavel-2: Covariance 49 12 73 73
(.05) (.04) (.04) (.05)
Log Likelihood -243283.1 -165832.5 -163487.3 -163478.5 -163421.4
Degrees of Freedom 3 6 10 12 14
AIC 486572.3 331677 326994.6 326981 326870.9
BIC 486598.8 331730 327082.9 327087 326994.6
N of Groups 7532 7532 7532 7532 7532
N of Observations 50717 50717 50717 50717 50717
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